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Abstract. 

We found evidence for the super-orbital modulation in the X-ray emission of LS I +61°303 
from the longest monitoring date by the RXTE. The time evolution of the modulated fraction in 
the orbital light curves can be well fitted with a sinusoidal function having a super-orbital period 
of 1667 days. However, we have found a 281.8±44.6 day shift between the super-orbital variability 
found at radio frequencies and our X-ray data. We also find a super-orbital modulation in the 
maximum count rate of the orbital light curves, compatible with the former results, including 
the shift. 

Keywords. X-rays: binaries, X-rays: individual (LS I +61°303) 



1. Introduction 

LS I +61°303 is one of the elite 7-ray binaries. Its nature is still under debate, with ro- 
tationally powered pulsar-composed systems (see Maraschi & Treves 1981; Dubus 2006) 
and microquasar jets (see Bosch-Ramon & Khangulyan 2009 for a review) being dis- 
cussed. Long-term monitoring of the source is a key ingredient to disentangle differences 
in behavior which could point to the underlying source nature. Here, we report on the 
analysis of RXTE/PCA monitoring observations of LS I +61°303 and the possible super- 
orbital modulation of the X-ray emission. 

2. Observations and Results 

Our data set includes 473 RXTE/PCA pointed observations from 2007 August 28 to 
2011 September 15. The analysis is performed using the standard RXTE/PCA criteria. 
Only PCU2 has been used for the analysis. Our count rate values are given for an energy 
range of 3-30 keV. In order to remove the influence of several kilosecond-long flares, we 
cut all observations that presented a larger count rate than three times the average. 

Given a six-month time bin, we take the peak X-ray flux in orbital lightcurve and 
compute the modulated flux fraction. The latter is defined as (c rnax —c m i n )/(c max +c m i n ), 
where c max and c m i n are the maximum and minimum count rates in the 3-30 keV orbital 
lightcurve of that period. Results are shown in Figure 1. Table 1 presents the values of 
the reduced \ 2 f° r fitting different models to the modulation fraction and the peak flux in 
X-rays. It compares the results of fitting a horizontal line, a linear fit, and two sinusoidal 
functions. One of the latter has the same period and phase of the radio modulation 
(from Gregory 2002, labeled as Radio in Table 1, dotted line in Figure 1). The other sine 
function has the same period as in radio but allowing for a phase shift from it (a solid 
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Figure 1. Left: Peak count rate of the X-ray emission from LS I +61°303 as a function of 
time and the super-orbital phase. Right: modulated fraction, see text for details. The dotted 
line shows the sine fitting to the modulated flux fraction and peak flux with a period and phase 
fixed at the radio parameters (from Gregory 2002). The solid curve stands for sinusoidal fit 
obtained by fixing the period at the 1667 days value, but letting the phase vary. The time bin 
corresponds to six months. The colored boxes represent the times of the TeV observations that 
covered the broadly-defined apastron region. The boxes in green denote the times when TeV 
observations are in low state while boxes in yellow are TeV observations in high state. 



Table 1. Reduced % 2 f° r fitting different models to the modulation fraction and the peak flux 

in X-rays. 



Constant Linear Radio Shifted 



Modulation Fraction 88.2 / 7 
Peak Flux 212.8 / 7 



38.0 / 6 42.1 / 6 1.1 /5 
114.8 / 6 91.8 / 6 4.9 /5 



line in Figure 1, labeled as Shifted in Table 1). It is clear that there is variability in the 
data and the sinusoidal description with a phase shift is better than the linear one. The 
phase shift derived by fitting the modulated fraction is 281.8±44.6 days, corresponding 
in phase to ^0.2 of the 1667±8 day super-orbital period. The phase shift derived by 
fitting the maximum flux is 300.1±39.1 days, which are compatible with the former. 



3. Conclusion 

We have found evidence of super-orbital modulation in the X-ray emission from 
LS I +61° 303. We show that there is a ~ 0.2 phase shift between the radio and the 
X-ray super-orbital modulation. Torres et al. 2012 has proposed that LS I +61°303 could 
be subject to a flip-flop behavior. The superCorbital modulation is possibly due to the 
cyclic change of the circumstellar disk (Li et al. 2012; see also Papitto et al. 2012). In 
this context, multi- wavelength super-orbital modulation is expected and confirmed in 
radio, optical, X-ray and hinted in TeV (Li et al. 2012). 
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